ABSTRACT: Much of the developed world's construction workforce is increasing in average age, and yet construction workers typically retire well before they reach the age of sixty. One reason is that their bodies are worn out because of the nature of the work. We therefore face the challenge of both reducing their physical stress and increasing their productive work life, if we wish to avert an economic and social crunch given the demographic trends towards an aging population in most developed countries. In particular, recent statistics from the U.S Department of labor show that 6.9% of all Workrelated Musculoskeletal Disorders (WMSDs) among workers in 2008 affected shoulders; this percentage becomes much larger for electricians, carpenters, and related construction crafts. The cost to our industry and to society is huge, and it is unnecessary. Reduction of certain types of movements and improvements in posture can result in reduced rates of shoulder WMSDs and in extended work lives. This can be done with a combination of robotics, work re-design, and work monitoring.
(ICD-9)." [2] NRC made a conditional statement that, MSD cases may not result from accidents, this condition can be waived knowing that we are defining MSDs as a general term not due to certain cause. A subdivision of MSDs is called Work-related MSDs (WMSDs), which refers to any MSD that was caused by working circumstances or activities.
We focus on the shoulder, as explained later, because this is the part of the body experiencing the worst MSD's in construction．Shoulder refers to the synergetic muscles, tendons, and joints that work together allowing full motion of the upper arm around the shoulder joint. It consists of two bones: the scapula and clavicle.
Musculature of the shoulder includes trapezius, pectoralis, deltoid, and latissimus. Shoulder pain is any kind of pain that reduces the ability of a person to perform the full range of arm motions, namely:
 flexion and extension in the sagittal plane,  abduction and adduction in the frontal plane, and  internal-external rotation in the transverse plane.
Shoulder pain can be classified into four basic categories:
shoulder impingement, tendonitis/bursitis, instability, and arthritis.
Since this work deals mostly with worker's posture, a brief definition of the terms used to describe them is in order. Overhead work is the situation where a worker performs tasks that require lifting his/her arm to reach locations above the worker's head level. An, "awkward position," is a posture that scientific evidence indicates within which work will increase the likelihood of sustaining injury to the shoulder.
Musculoskeletal Disorders formed 29.44% of all cases that required days out of work in 2008 in the US [5] .
This percentage reflects the level of danger that WMSDs, arising from various causes, pose to workers in all fields.
The median days out of work due to shoulder injury was 20 days, which ranked it as the WMSD injury requiring the longest period of time to heal, [5] indicating that shoulder injuries were particularly debilitating to the worker and the work progress. On the other hand, Frost et al. [6] [7] .
The study reported that the most frequently cited causes for Shoulder WMSDs were: highly repetitive work, vibration, sustained awkward posture, and forceful work [8] [9] [10] [11] [12] .
Considering the level of significance of the relationship between those factors and shoulder WMSDs, it was concluded that available evidence did not justify considering highly repetitive work and vibration as major causes for shoulder WMSDs [7] . Furthermore, the This box is to be mounted on the worker's belt. Although the current dimensions are fairly large, the system can be easily miniaturized for mass production. A limitation of this prototype is that it can only measure movements in one plane, the sagittal plane in this case. Measurement of this two-dimensional angle is adequate for the safety of workers in the construction trades since these jobs mainly involve postures in the sagittal plane rather than the frontal plane. Therefore, the two-dimensional sensor prototype is adequate in this case.
The sensor system will then be upgraded to measure the full-three-dimensional joint angles required for other, more complex, applications.
RESULTS OF BENCH-TOP TESTS
A bench-top version of the External Musculoskeletal Joint Angle sensor was developed as a proof-of-concept. A stepper motor was used to provide a known angle signal. A permanent magnet was attached to the shaft of the motor and placed at a distance of 3 cm above the KMA200 angle sensor using a stationary bracket. Mean angle for 180 degree rotation
Only measurement noise is relevant to the sensor system since it corresponds to the sensor system resolution.
The data sheet of the KMA200 programmable angle sensor
[15] specifies a resolution and an ability to detect angle changes, as small as 0.05 degrees. The standard deviation for each step was calculated to range from 0.12 0 to 0.34 0 , which corresponds with the reported sensor resolution.
This accuracy level is quite adequate for the purposes of measurement and quantification of human movement. This is particularly the case, since the line between safe and awkward postures is not discrete.
CONCLUSIONS AND RECOMMENDATIONS
Bench-top and field prototypes for a simple, lowcost, and robust External Musculoskeletal Joint Angle sensor were developed. The field prototype is appropriate for monitoring undesirable motions and patterns of motion at work sites. The sensor system can be used to monitor workers' onsite exposure to dangerous postures providing data that can be used help reduce WMSDs. Those measurements can also inform efforts to redesign the workplace to make it ergonomically safer for workers.
Further, the prototype has been shown to have adequate accuracy to meet the requirements of field safety applications as well as other needs to measure human joint angles in biomechanics and exercise science.
